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Abstract 
A multi-point wireless fire crisis monitoring system is designed in this paper. The system is consisting of smoke 
sensor, temperature sensor, microcontroller, wireless transmission module, and computer. With a temperature sensor
and smoke sensor as sensitive components, the status of the test site is sent back to control center through the wireless 
channel after receiving the request command. The computer completes the work of compilation, analysis, display, 
stores the test results and makes the appropriate judge at control center. The system could play an important role on 
prevent and reduce the fire crisis. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
With the rapid economic development, people's living standards improved greatly. A growing number 
of large modern buildings are constructed in cities, towns and villages. And lots of decorated materials 
used in the buildings are inflammable, such as waterproof materials, soundproof materials, and heat-
resistant materials. In case of fire, all these materials will contribute to the spread of fire flammable
combined with modern higher floors, and will result heavy loses to people's lives and property. To 
prevent fires, minimize the damage of fire crisis, automatic fire alarm monitoring system plays an 
important role in the modern intelligence society. Therefore, the designing of high reliability and good
real-time distributed multi-point fire crisis detection system has an important significance.
In the modern science and technology age, wireless communication technology has been a major leap 
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forward, and has been used more and more widely in real life. With the traditional alarm system 
depending on the long-distance cables, here are some troubles, for example, it would be difficult to install, 
maintain, and change the detecting position of detecting point. In order to solve these problems, wireless 
distributed temperature, smoke detection is discussed in this paper. The application of wireless 
communication technology in the fire monitoring system, makes the monitoring system been easily 
applied on different occasions, increases versatility for the installation and provides great convenience.  
2. System Block Diagram 
Wireless building fire monitoring system consists of two parts: the wireless fire detection points, and 
control center as shown in Fig. 1. 
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Fig. 1 System Block Diagram 
Control center sends detecting command to each monitoring point with polling and addressing 
characters. Then the monitoring point send back the temperature and smoke values as the response to the 
control center. The control center computer collects and displays the data. 
3. Design of Monitor Point Hardware 
The hardware circuit of wireless fire monitoring pint consists of microcontroller PIC16F877A [1], 
temperature sensor DS18B20 [2], smoke sensor MQ-2 [3], and wireless transceiver nRF401, as shown in 
Fig. 2. 
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Fig. 2 Hardware block diagram of Monitoring Point 
3.1. Design of Microcontroller Circuit 
PIC series microcontrollers not only use the Harvard architecture, but also use the Harvard bus 
architecture. The on-chip data bus and instruction bus are separated with different widths. This easy to 
achieve instruction fetch "assembly line", thus help to improve the speed of the CPU executes the 
instruction. The PIC16F877A features 256 bytes of EEPROM data memory, 8 channels of 10-bit Analog-
to-Digital (A/D) converter and so on [1]. All of these features make the PIC16F877A ideal for more 
advanced level A/D applications in automotive, industrial, appliances and consumer applications. 
336  Junhao Niu / Procedia Engineering 29 (2012) 334 – 338 Junhao Niu / Procedia Engineering 00 (2011) 000–000 3
Just because the PIC microcontrollers have the features of suiting to poor working conditions, the 
PIC16F877A is selected as the core control processor. 
3.2. Smoke Sensor Circuit Design 
In this paper, MQ-2, a kind of gas sensor, is used as combustible gas collection devices. It has a wide 
detection range and perfect sensitivity. 
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Fig. 3 Smoke Sensor Circuit 
Using the MQ-2 gas sensor measuring circuit is relatively simple as shown in Fig. 3. The heating 
endpoints of MQ-2 gas sensor are powered with 5VDC, and the resistance value of the sensor is 
connected with RL in series. When the smoke concentration changed, the resistance changed with it. So 
the voltage of Vo will indicated the value of sensor resistance, which directly related to the smoke 
concentration. PIC16F877A has 8 analog input channels, and AN0 is used to convert the value of Vo. 
3.3. Design of Temperature Sensor Circuit 
In order to mount more than one temperature sensor for multi-point temperature detecting, lots of 
temperature sensors are used at the same time. There are many types of temperature sensor, such as 
Thermistor sensor, sensor with voltage output, sensor with current output, and digital sensor. Based on 
overall system security requirements into account, we should do to simplify the circuit, making the 
program easier to write and debug, and the whole system easy to install and maintain. DS18B20 is one of 
the digital temperature sensors, produced by DALLAS Company.  
DS18B20 has three pins, GND, DQ, and VDD. GND pin is the ground signal pin. DQ is the data input 
/ output pin, when used in parasite power, can provide power to the device. VDD pin is selectable. When 
working on parasitic power, this pin must be grounded. Otherwise VDD pin should be powered with 
+5VDC. In this paper, the DS18B20 is operated in “parasite power” mode. Fig. 4 shows the sensor circuit. 
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Fig. 4 Circuit of DS18B20 Sensor 
3.4. Design of Wireless Transceiver Circuit 
The nRF401 is Nordic's wireless communication chip. The ultra-compact module device features low 
power consumption, high speed, ease of use, and requires less external components. Thus the device is 
convenient in designing the wireless application system.  
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Fig. 5 Wireless Transceiver Circuit 
The connection circuit of nRF401 and PIC116F877A is shown in Fig. 5. CS is the channel selection 
control terminal. When CS = 0, the device is working on 433.92 MHz frequency band, and when CS = 1 
frequency changes to 434.33 MHz. PWR is the energy-saving control side. When PWR = 1, the device is 
in normal working condition, otherwise in standby micro-power state. TXEN is the control terminal of 
transmitting and receiving. When TXEN is set to high level by microcontroller, the device get the 
message from microcontroller and send the data through the PCB antenna, and when TXEN is pulled 
down to low level, the device transmit the data received by PCB antenna to microcontroller through DO 
pin.  
4. Design of Monitoring Center Hardware 
Monitoring center consists of a computer and a wireless transceiver adapter, as shown in Fig. 6. The 
wireless transceiver adapter is designed by using PIC18F4550 microcontroller and wireless transceiver 
device nRF401 composition. Between the computer and the adapter, the USB interface is used as the 
connection. The computer with the monitoring application completes the measurement of every detecting 
point, by polling check the temperature and smoke monitoring data, and real-time displays and records 
the results. 
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Fig. 6 the Diagram of Control Center 
The PIC18F4550 is used as the major microcontroller in transceiver adapter, just because it has 
internal USB transceiver. The module meets the USB specification version 2.0. This module supports all 
data transfer types allow low-speed and full speed communication. With this interface, the 
microcontroller can be connected with computer directly as shown in Fig. 6.  
5. Design of Software 
5.1. Design of Program for Detecting Point 
The fire crisis detecting program mainly completes the condition initial, receiving and analyzing 
command, reading the temperature value, convert the smoke concentration, and upload the result.  
In the initialization stage, the microcontroller configures the working condition, reads the digital 
address switch as the terminal ID number, and gets the temperature and smoke concentration data. If the 
data anomalies, the detecting point will report the mistake by the indication light and sends the error 
message to the control center. After initialization, the controller will convert the smoke concentration and 
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temperature data, and listen to the request command from control center at the same time. Once the 
request command is received, the microcontroller will compare the ID number form the command. If the 
ID number is equal to the local ID, the corresponding set with temperature and smoke data will be sent 
back to the control center to complete a data exchange 
5.2. Design of Application Software in Control Center 
The program designed for control center includes firmware of the wireless adapter, USB driver, and 
computer application three parts. 
• Firmware: the PIC18F4550 microcontroller program. As the communication bridge between USB 
interface and wireless communication transceiver, the firmware is mainly used to get the command 
message from computer, explain and send the message to wireless device, and receive the response 
result to realize the exchanging between the USB interface and the wireless transceiver. 
• Driver: the driver is the communication bridge between computer application and wireless adaptor. 
The specific details of the transmission are done by the driver. 
• Monitoring Application Software: the application software is the user-oriented computer program, 
designed with Visual C++ 6.0 platform. The application is a graphical interface, by which various 
operating modes and parameters can be set. And the detecting data from monitor point is displayed, 
analyzed, and stored by the application.  
Computer application software sends request and receives the response data one by one depending on 
the setting. If there is smoke detected, the early warning process will be operated to notify the relevant 
personnel to confirm. If the smoke concentration or temperature grow continuously, or exceed top limit, 
sound and light alarm will be sent out. 
6. Conclusions 
The system uses two different kinds of sensors: temperature sensor and smoke detector. The using of 
two kinds of sensors combined to judge the fire crisis situation will increase reliability of system to a 
certain extent. The application of wireless transmitting technology makes it possible to arrange the 
detection points flexibly. The detecting points are distinguished by ID number, and have the great 
convenience for installation and maintenance. In control center, the using of PIC18F4550 with internal 
USB interface saves the cost and increases the reliability. The system realizes the acquisition and display 
of temperature and smoke concentration data with application software designed on Visual C++ 6.0 
platform, and has a strong practical value. 
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